abstract An adaptation of the standard battery of WoodcockJohnson III Tests of Cognitive Abilities (WJ-III) for Brazilian children and youth was investigated. The sample was composed of 1094 students (54 percent girls), ages 7-17, living in Sao Paulo state (91 percent). Items from Brazilian school books as well as from the WJ-III Spanish version (Batería-r) were added to comprehension-knowledge tests. Brazilian words were adapted to the auditory tests according to syllabic division and stressed syllables. Items were examined through IrT and age differences through analysis of variance. results indicated the need to remove items from all WJ-III subtests with the exception of the visual learning test. Analysis of Variance indicated significant age differences (p ≤ 0.001) for all tests. Thus, the importance of a Brazilian adaptation for the WJ-III was confirmed.
Introduction
The assessment of intelligence and other cognitive abilities may constitute psychology's most important technical contribution to the behavioural sciences. Psychologists are expected to have and to use such tests. They are widely available in some countries and unavailable in others. Those countries that lack these and other testing resources commonly translate or adapt a source test into a locally used target test. The number of tests translated and adapted to other cultures has increased considerably during the last decade (Muniz et al., 2001) .
The process of adapting a source test of cognitive abilities to one useful in another culture presents many challenges. Cognitive abilities reflect a country's dominant language use, cultural history, as well as current social and educational experience (Van de Vijver and Leung, 2000) . Thus, the adaptation process must involve translating the test's language, examining and possibly revising the test's content and norming it on a relevant sample while attempting to ensure the target test retains most of the relevant factors found in the source test (American Educational research Association, American Psychological Association and the National Council of Measurement, 1999; hambleton et al., 2005) .
Language constitutes an important component to the assessment of intelligence and to its construct. For example, examiners use language to communicate with the examinees (Flanagan et al., 2006) . In addition, language influences one's ability to read and write (Evans et al., 2002) . Moreover, language is thought to imbue many concepts important to the Cattell-Carroll-horn (ChC) model of intelligence (McGrew, 2009) .
A student's language competence plays a crucial role in knowledge coming from acculturation or educational experiences, known as crystallized intelligence. In the ChC model, derived from Cattell (1971 Cattell ( ), horn (1985 , Carroll (1993 Carroll ( , 2005 and combined by McGrew (2005) , intelligence is viewed as composed of three main layers or stratum, including several specific abilities in the third layer, nine broad abilities at the second level and a general factor at the first layer. Although the existence of a higher order 'g' factor is still questioned, there is compelling evidence that a broad factor tends to appear from the analysis of the subsumed broad abilities Shrank, 2005) .
The relevance of tests created in another country and used in Brazil has been heavily criticized due to the fact that these tests were just translated, with lack of data on their validity and reliability to the country. In response to these criticisms, the Brazilian Federal Council of Psychologists (Conselho Federal de Psicologia, 2003) issued a regulation that tests could be used only if they were properly normed and validated for use in Brazil. This decision was based, in part, on guidelines proposed by the International Testing Commission on test use (Bartram, 2001) . The Federal Council's regulation created considerable turmoil among Brazilian psychologists because they had to abandon many tests commonly used in their practices. however, this regulation had a positive impact by encouraging the development of quality tests for use in Brazil (Wechsler, 2007) . under this regulation, only a few foreign developed intelligence tests designed for children and youth were approved (e.g. the raven's Colored Progressive Matrices, Columbia Mental Maturity Test, Wechsler Intelligence Scale for Children-III and human Figure Drawing (Conselho Federal de Psicologia, 2008) The Woodock-Johnson III cognitive battery was selected due to its many exemplary psychometric qualities. For example, its theoretical base is consistent with the ChC theory. In addition, various studies support the test's validity (Floyd et al., 2003b) . The WJ-III cognitive tests predict reading (Evans et al., 2002) and mathematics (Floyd et al., 2003a) achievement. however, almost all studies of this test have been performed within the uS population (Camarata and Woodcock, 2006; Shrank, 2005) .
The Woodcock-Johnson III tests have not been used in Brazil because of lack of adaptation studies. Therefore, this research aimed to analyse the item adequacy of all ten cognitive tests composing the standard battery. The inclusion of Brazilian items for the comprehension knowledge tests (vocabulary, synonyms, antonyms and analogies) as well as for the auditory administered tests (sound blending, incomplete words, auditory working memory) was evaluated. Cognitive growth differentiation through the WJ-III tests was also explored in this study.
Methods

Participants
A sample of 1094 students (57 percent females) was drawn from public (58 percent) and private (42 percent) schools, 91 percent located in Sao Paulo state. Participants were grouped into six two-year age ranges: 7-8 (n = 163, 58 percent females), 9-10 (n = 170, 58 percent females), 11-12 (n = 205, 51 percent females), 13-14 (n = 217, 55 percent females), 15-16 (n = 216, 60 percent females) and 17-18 (n = 123, 60 percent females).
Instrumentation
The WJ-III standard battery is composed of ten cognitive tests . They include tests of comprehension knowledge (Gc; language and crystallized intelligence;), including tests of vocabulary, synonyms, antonyms and analogies; visual auditory learning (Glr; reflecting the ability to learn, store and retrieve information or associative memory); spatial relations (Gv; the ability to perform visual spatial thinking); sound blending (Ga: the ability to analyse and synthesize sounds); concept formation (Gf; a test of categorical reasoning ability or fluid intelligence); visual matching (Gs; a test of visual processing speed); numbers reversed (Gsm; a test of short-term or working memory); incomplete words (Ga: ability to perceive and perform auditory closure); auditory working memory (Gsm: a test of working memory and divided attention); visual auditory learning delayed (Glr; a test of recalling previously learned tasks or associative memory). The first seven are core tests and the last three considered as supplemental.
The Brazilian adaptation for the comprehension knowledge tests was composed from items drawn from Batería-R (Woodcock and Muñoz-Sandoval, 1996) and from Brazilian school books. Six subtests from this battery, which was the Spanish version available at the time of this study, were selected for use in this study: vocabulario sobre dibujos (picture vocabulary), vocabulario oral -sinonimos (oral vocabularysynonymes), vocabulario oral-antonimos (oral vocabulary -antonyms) and analogias verbales (verbal analogies). The remaining items from the Bateria-R tests were not used, either because they were not similar to the Portuguese language or they were the same ones presented in the WJ-III English version. Books used in schools to teach Portuguese language and grammar at the elementary and high school grades were employed as sources of reference for creating additional items (Lopes et al., 1994; Pellegrini and Ferreira, 1996) . This procedure was necessary because publications that provide information on word difficulty for each educational grade do not exist in Brazil.
The auditory administered tests which involved verbal material (sound blending, incomplete words, auditory working memory) were constructed with the help of Brazilian experts on speech pathology in order to observe the same criteria as for the words constructed in English, that is, according to syllabic division (one-syllable, doublesyllable, etc.) as well as to the stressed syllable. The same numbers sequence, after each word, was maintained in the auditory working memory test. Items which were included from the Batería-R came from the following auditory tests: palabras incompletas (incomplete words) and integración de sonidos (sound integration), as they had similar syllabic division to the Portuguese language.
The WJ-III comprehension knowledge tests were composed as follows: a 70-item vocabulary test (with 23 items from WJ-III, 14 from Batería-R and 33 from the school books), a 42-item synonyms test (with 15 items from WJ-III, 12 from Batería-R and 15 from Brazilian books), a 40-item antonyms test (with 18 items from WJ-III and 22 from the school books) and a 40-item verbal analogies test (with 15 items from WJ-III, one from Batería-R and 24 from the Brazilian books). In addition, the auditory administered tests had the following composition: a 33-item sound blending tests (with six items from WJ-III, four from Batería-R and 23 Brazilian items); a 44-item incomplete words test (with 12 items from WJ-III, two from Batería-R and 30 Brazilian items); a 21-items auditory working memory test (21 Brazilian words paired with the original numbers of the WJ-III).
Procedure
Six psychology professors from Brazilian universities collaborated with data collection by randomly selecting one public and one private school within their cities. School psychologists are not frequently found in Brazilian schools, thus psychology students from the local universities were trained to administer the tests. Permission was first obtained from the deans and teachers at each participating school and was then sought from all parents whose children were within the age range to be included in this study. The tests were administered during two sessions. All items were presented because the item difficulty and basal and ceiling levels for each test were unknown.
Three criteria were employed for item selection, which were the difficulty level, item discrimination and misfit parameters (Teresi, 2001) . Difficult and misfit parameters were estimated by using Item response Theory (IrT), specifically the rasch model. Items presenting infit or outfit levels over 1.5 were considered inadequate and excluded from further analysis. Discrimination was estimated by item-theta correlation (r < 0.30). Participants' ability values (theta) for each subtest were calculated using the software Winsteps (Linacre and Wright, 1991) which adopts the rasch model of Item response Theory. Winsteps allows the use of dichotomous scoring as well as multiple response scoring. Internal consistency was investigated using Kuder-richardson procedures for tests with dichotomized items and Cronbach's alpha coefficients for tests with items having multiple responses. Cognitive growth was investigated by means of analysis of variance by examining participants' age range differences using theta's values.
Results
The total number of items included in this analysis, their average endorsement, the participants' mean ability levels (estimated by theta on the IrT), as well as the average infit and outfit obtained are reported in Table 1 . Average items difficulty level is set as zero by Winstep when all items and participants parameters are unknown. The average theta represents the distance between the participant's ability level and the average difficulty of items. Negative values indicate that the average difficulty of items was higher than the participants' abilities and a positive value indicates that the test is relatively easy for the participants.
The criteria of infit and outfit level stated (over 1.5) as well as item discrimination, estimated by item-theta correlation (< 0.30) indicated the need to remove items throughout the whole WJ-III battery, with the exception of the visual auditory learning test (test 2), where all items were found to be appropriate to the age levels studied. The tests which had the smallest number of items to be removed were the following: spatial relations (two items), incomplete words (two items) and the visual auditory memory delayed (two items).
Among the comprehension knowledge subtests, the following items fit the removal criteria: vocabulary, 41 items (17 were from the English version, six from the Spanish and 18 from the Brazilian version); synonyms, 11 items (six from the English version, three from the Spanish and two from the Brazilian version); antonyms, six items (three from the English version and three from the Brazilian version); analogies: 12 items (five from English version and seven from the Brazilian version). The auditory tests which were adapted with the inclusion of new Brazilian items also demonstrated the need to be reduced according to the exclusion criteria. Thus, the tests which required removal were: sound blending; 11 items (one from the Spanish version and ten from the Brazilian version); incomplete words, two items (only from the English version); auditory working memory, 11 items (one from the English version, one from the Spanish version and nine from the Brazilian version).
The remaining WJ-III cognitive subtests, that is, concept formation and numbers reversed, also presented the need for better calibration, suitable to the age ranges of the Brazilian sample. Six items need to be removed from the concept formation test, which were the first ones (1, 2, 4, 5, 7, 11) presenting one or two options as responses. On the other hand, the ten first items of numbers reversed which require auditory memory, also require exclusion according to the infit and outfit criteria. The reliability indexes (Cronbach and Kr20) were over 0.88 across all tests.
In order to analyse age differences the analysis of variance was performed. Significant differences among the means of theta values for participants at different age ranges were verified as indicated in Table 2 .
As can be observed from Table 2 , the participants' average ability, estimated by theta, increases as age progress, thus indicating that tests tend to be easier as participants get older. results from the analysis of variance (ANOVA) indicated there were significant differences (p ≤ 0.001) for all tests, thus indicating the strong impact that age has on the abilities measured by these tests.
Discussion
This study aimed to investigate the need to adapt the WoodcockJohnson III cognitive tests to Brazilian children and youth. For this purpose, items were added to the comprehension knowledge tests (vocabulary, synonyms, antonyms and analogies) as well as to the auditory administered tests (sound blending, incomplete words, auditory working memory). Item analyses indicated that all WJ-III tests need to be reviewed and adapted to the Brazilians, with the exception of the visual auditory learning test, which is a measure of reflecting the ability to learn, store and retrieve information or associative memory. These results confirmed the recommendations by several authors (hambleton, 2005; Van de Vijver and Leung, 2000) that tests to be used in another cultures should not only be translated but also adapted to the new environment.
A substantial portion of items from the comprehension knowledge tests presented the need to be removed from the original English version, such as following: 17 out of 23 (73 percent) from vocabulary, six out of 15 (40 percent) from synonyms, three out of 18 (16 percent) in antonyms and five out of 15 (33 percent) from analogies. Previous analysis with a smaller sample confirmed the importance of constructing items from the Portuguese language in order to adapt the WJ-III to Brazilian children . In this study, some of the items to be excluded were the first ones in the original version, thus probably reflecting intellectual growth with age, as the uS sample was normed from 3-70 and the Brazilian sample was aged 7-14. however, other items considered to pose difficulty to the English sample, as presented in the last part of the original tests, such as in the synonyms or antonyms tests, were considerably easier for Brazilians, probably due to the existence of Latin words, which are more frequent in the Portuguese language.
The auditory administered tests were mainly rebuilt from Brazilian items as they required words which had similar stressed syllables. Still, many items constructed for these tests demonstrated the need to be removed. For example, in the sound blending test, which assesses the ability to analyse and synthesize words, 33 percent of the items demonstrated the need to be removed from the previous composition. Among the English items, 16 percent in the incomplete words tests did not attend the infit and outfit criteria (over 1.5) to remain. Considering that auditory processes (Ga) are important in understanding intellectual functioning according to the ChC theory (McGrew, 2009) , the relevance of maintaining these tests on the WJ-III adaptation to Brazilians has to be emphasized Tests with fewer requirements on language ability also demonstrated the need to be calibrated to another country. This occurred with the tests of concept formation (measuring reasoning ability) and visual matching (measuring processing speed), which required the removal of six up to 16 items from the English version. On the other hand, the numbers reversed tests, which is a measure of working memory, was found to be the most difficult task. It is necessary to take into account that some of the items to be removed were the first ones from the original English version, thus indicating that the comparability of the age ranges of the Portuguese and the uS samples have to be evaluated in future studies. These results reinforce the suggestions from hambleton et al. (2005) regarding the need to pursue studies in order to verify if the target test is measuring the same constructs or the relevant factors found in the original measure, that is, in the WJ-III English battery.
Validity evidences for the Brazilian adaptation were also demonstrated through the cognitive growth represented by significant age differences. Findings from previous studies investigating the use of WJ-III with Brazilian children and youth (Wechsler and Schelini, 2006) resulted in similar findings (i.e. significantly higher achievement as age increased), thus indicating the importance of this test battery to assess children's intellectual development.
Limitations
Some limitations have to be considered. Considering the fact that English as well as Spanish WJ-III versions were normed on children of 3 years of age up to adults of up to 70 years of age, and the Brazilian participants were aged 7-17, future studies will need to be performed with other age groups in this country, in order to ensure comparability of item difficulties across ages. In addition, there is the need to adapt the extended WJ-III Battery, comprised of ten other tests, in order to verify if they can confirm the same ChC structure found in the original version. Thus, a more complete instrument could be offered to assess Brazilian children's and youth intellectual abilities.
Considering the majority of the Brazilian participants came from only one state (Sao Paulo), located at the southeast part of Brazil, there is a need to verify the adequacy of the new version in other Brazilian states. As European immigration was more intense in this part of the country, whereas Africans tend to reside more in the Northeast states, these differences may have an impact on language comprehension represented in this battery. Therefore, the construction of Brazilian norms for this battery will need to consider these issues.
The impact of this study has to be considered for Brazilian psychologists. As there are few psychological tests validated for this country, the WJ-III validation and future norming will add important information in order to accomplish comprehensive psychological assessments. Therefore, the important contribution of this battery to assess diverse intellectual abilities can provide a better understanding of Brazilians' cognitive abilities and make a considerable contribution not only in assessing learning difficulties but also in identifying giftedness in this culture.
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